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The Drosophila embryonic heart is a linear tube that closely
resembles a blood vessel, with apical and basal surfaces.
During development, two rows of cardioblasts (CB) align and
migrate to the dorsal midline where they merge to form a linear
heart tube with a central lumen. The cellular and molecular
events required for lumen formation between these cells
remain poorly understood. One of the important debates is
focused on whether this is an intracellular or intercellular
phenomenon. Here we examine Slit, an extracellular matrix
protein and its transmembrane receptor Robo during this
process. Slit and Robo specifically localize to the apical
surfaces of CBs, and we observe defects in lumen formation in
embryos mutant for these genes. Genetic and morphological
analyses demonstrate that lumen formation is dependent on
both a selective loss of cell adhesion at apical surfaces as well
as apical targeting of cytoplasmic vesicles. Transheterozygotes
of slit and shotgun/DE cadherin, a cell adhesion molecule
required for Drosophila heart development, show specific
defects in lumen formation. In addition, we analyzed
expression of Rab11, a protein implicated in targeting of
cytoplasmic vesicles to apical membrane. We show that Rab11
is expressed at the apical surface of CBs and is mis-localized in
slit and robo mutant embryos. Furthermore, expression of a
dominant negative Rab11 protein in CBs results in lumen
defects. Together these results suggest that heart tube lumen
formation involves a combination of intercellular and intra-
cellular mechanisms.
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Vertebrate hearts consist of multiple chambers that require
coordinate contraction to drive blood efficiently and unidir-
ectionally throughout the organism. Highly specialized cardi-
omyocytes that form the specialized cardiac conduction system
help vertebrate hearts achieve the coordinate contraction of
these chambers. Defects in the cardiac conduction system can
lead to devastating consequences including syncope and sudden
cardiac death. Because zebrafish embryos develop externally
and are translucent, this vertebrate organism is ideal for in vivo
analyses of the physiologic development of the cardiac
conduction system. We have developed a cardiac specific
fluorescent calcium indicator transgenic line, Tg(cmlc2:
gCaMP)s878, that allows us to perform in vivo optical mapping
throughout the development of the zebrafish heart. Utilizing this
fluorescent transgenic line, we have observed four distinct
stages of cardiac conduction development and physiology that
correspond with cellular and anatomic changes of the develop-
ing heart. Additionally, we have found that epigenetic factors,
such as hemodynamic flow and contraction regulate the deve-
lopment of this specialized electrical system. In a diploid ethy-
lnitrosourea (ENU) mutagenesis screen, we have identified 17
mutations that disrupt cardiovascular conduction/rhythm, and
classified them according to the stages defined above. We have
isolated two of the genes identified in our screen and will further
report on their role in regulating the cardiac electrical system.
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